ELECTROSTATIC CHUCK 
AND 

PRODUCTION METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to electrostatic chucks formed in 
processing chambers of semiconductor processing apparatuses, and relates to 
production methods therefor. In particular, the present invention relates to an 
electrostatic chuck which can be repeatedly used under high temperature 
conditions during semiconductor production and in which a feeder terminal 
portion can be reused, and relates to a production method therefor. 

2 . Description of the Related Art 

[0002] Electrostatic chucks are provided in processing chambers for 
semiconductor production. Wafers are attracted to be fixed to the electrostatic 
chuck, and semiconductors are formed thereon. As shown in Fig. 1, the 
electrostatic chuck is provided with a substrate 1, a dielectric layer 2, and a 
feeder terminal portion 3. Medium channels la are appropriately formed in the 
substrate 1 . The upper face of the substrate 1 is covered with the dielectric 
layer 2. An internal electrode 2a is embedded in the dielectric layer 2. The 
feeder terminal portion 3 extends from the lower side of the substrate 1 to the 
internal electrode 2a. An electrode 3 a is embedded in the feeder terminal 
portion 3. In the feeder terminal portion 3, various structures thereof have been 
proposed in recent years since the feeder terminal portion 3 is an important 
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member of the electrostatic chuck, on which bias voltage is applied by an 
external device. 

[0003] In conventional techniques relating to devices having a feeder terminal, 
for example, a feeder terminal connection structure of a ceramic heater is 
disclosed in Japanese Unexamined Patent Application Publication No. 
2002-203660 and Japanese Unexamined Patent Application Publication No. 
2002-203661 as described below. That is, the ceramic heater has a ceramic 
substrate having a heating face and a heating element on the face opposite to the 
heating face thereof. The feeder terminal connection structure of the ceramic 
heater has a feeder terminal which is clipped at the edge portion of the heating 
element and is electrically connected thereto. In a case in which the above 
technique relating to the feeder terminal is applied to an electrostatic chuck as 
shown in Fig. 2, a feeder terminal portion 11 is structured such that an electrode 
1 la is covered with a sprayed coating lib and a resin layer 11c, and the sprayed 
coating lib is covered with a resin layer lid. An electrostatic chuck is 
obtained such that the above feeder terminal portion 11 is integrated with a 
metal substrate 12a and a dielectric layer 13 having an internal electrode 13a 
therein. In the chamber used during semiconductor production, the lower side 
of the feeder terminal portion 1 1 is under the air, and the upper portion of the 
dielectric layer 13 is under a vacuum. Therefore, good gas-tightness is 
required to fix the above members of the feeder terminal portion 1 1 to each 
other and to fix the above members thereof and the substrate 12 to each other. 
Due to this, adhesives are used to fix the electrode 11a, sprayed coating lib, and 
resin layers 11c and lid to each other, and are used in fixing these members 11a, 



lib, 11c and lid and the substrate 12 to each other. 

[0004] However, in the electrostatic chuck as shown in Fig. 2, the above 
members 11a, lib, 11c, lid and 12 were fixed to each other via the adhesives, 
and the temperature in the chamber during semiconductor production was more 
than 200°C. Due to this, the above members 11a, lib, 11c, lid and 12 were 
insecurely fixed to each other, and the gas-tightness thereamong was degraded. 
In addition, in some cases, vacuum leak occurred via the electrostatic chuck in 
the chamber. Due to this, electrical discharge may occur between the electrode 
11a and the substrate 12 and dielectric breakdown may occur therebetween. 
When the dielectric breakdown occurs therebetween, the feeder terminal portion 
must be replaced with a new one. However, it is difficult to replace the feeder 
terminal portion with a new one in the above case in which the feeder terminal 
portion is fixed to the substrate via adhesives. The dielectric layer may be 
destroyed when the feeder terminal portion is replaced with a new one. 
[0005] The insulation property of the dielectric layer 13 of the electrostatic 
chuck is degraded when the chamber is repeatedly used for semiconductor 
production. Due to this, it is necessary to replace the dielectric layer 13 with a 
new dielectric layer 13. A method for replacing the dielectric layer 13 with a 
new dielectric layer 13 is used such that the dielectric layer 13 having internal 
electrode 13a is removed and a new dielectric layer 13 is formed by thermal 
spraying. However, when the dielectric layer 13 is completely removed, the 
upper portion of the feeder terminal portion 11 projects upward with respect to 
the substrate 12, and it is possible that it may thereby be cut. In this case, it is 
necessary to replace not only the dielectric layer 13 but also the feeder terminal 



portion 1 1 with new ones, and this would be contrary to the goal of conserving 
resources. When the dielectric layer 13 is cut in the state in which the feeder 
terminal portion 13 is fixed in the substrate 12, the feeder terminal portion 13 is 
damaged. In addition, it is difficult to respray on the substrate 12 since the 
processing therefor is time consuming. When respraying is possible, the 
number of times it can be done is limited. 

[0006] Therefore, in recent years, technique improvements in electrostatic 
chucks are required as follows. That is, the electrostatic chuck can be 
repeatedly used under temperatures of more than 200°C during semiconductor 
processing. It is unnecessary to replace the feeder terminal portion of the 
electrostatic chuck with a new one when the dielectric layer is replaced with a 
new one. In other words, the feeder terminal portion can be reused or can be 
mounted so as to be replaceable. 

SUMMARY OF THE INVENTION 
[0007] Objects of the present invention are to provide an electrostatic chuck 
which can be repeatedly used under temperatures of more than 200°C during 
semiconductor processing and in which a feeder terminal portion can be reused 
or mounted so as to be replaceable so as to contribute to the conservation of 
resources, and to provide a production method for the electrostatic chuck. 
[0008] In order to solve the above problems, a inventor found that a feeder 
terminal portion and a substrate may be fixed to each other by a mechanical 
joining method and the feeder terminal portion is structured so as to be 
removably mounted to the substrate instead of by a chemical method in which 
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adhesives are used, whereby the upper portion of the feeder terminal portion can 
be prevented from being cut when a dielectric layer is replaced and the feeder 
terminal portion can thereby be reused. The inventor carried out various 
research and studies on the feeder terminal portion of the electrostatic chuck, 
and thereby found that an electrode, sprayed coating, and resin layer of the 
feeder terminal portion may be fixed to each other by brazing, diffusion bonding, 
or soldering instead of by using conventional adhesives having a lower melting 
point, whereby the stability of fixing of the above members is good under high 
temperatures during semiconductor processing, and dielectric breakdown due to 
electrical discharge can be prevented from occurring between the electrode and 
the substrate. The present invention has been made based on the above 
findings. 

[0009] The present invention provides an electrostatic chuck comprising: a 
substrate; a dielectric layer formed by thermal spraying on an upper face of the 
substrate; an internal electrode embedded in the dielectric layer; a feeder 
terminal portion extending from a lower face of the substrate to the internal 
electrode; and an electrode provided in the feeder terminal portion, wherein the 
feeder terminal portion and the substrate are fixed to each other by mechanical 
joining. In particular, the feeder terminal portion may be favorably composed 
of members which are fixed to each other by brazing, diffusion bonding, or 
soldering. 

[0010] In the electrostatic chuck of the present invention, the feeder terminal 
portion is fixed to the substrate by mechanical joining and can thereby be 
structured so as to be removably mounted to the substrate. Therefore, the 
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upper portion of the feeder terminal portion can be prevented from being cut 
when the dielectric layer is replaced, and the feeder terminal portion of the 
electrostatic chuck can thereby be reused. In the case in which the feeder 
terminal portion is composed of members which are fixed to each other by 
brazing, dififtision bonding, or soldering as described above, when the 
temperature in a chamber, in which the electrostatic chuck is provided, is more 
than 200°C during semiconductor processing, the respective members of the 
feeder terminal portion can be securely fixed to each other, and dielectric 
breakdown due to electrical discharge can be prevented from occurring between 
the electrode and the substrate. Therefore, the electrostatic chuck of the 
present invention can be repeatedly used under high temperatures during 
semiconductor processing. 

[0011] In the electrostatic chuck of the present invention, the electrode 
provided in the feeder terminal portion can be made of an elastic body. This 
elastic body may be one of various types of spring. For example, the spring 
may be a coil-spring or a wave-form plate spring. Alternatively, the elastic 
body may be a sponge-like conductive material. 

[0012] A production method for the above electrostatic chuck will be 
described hereinafter. This production method is favorably applied to 
production of the above electrostatic chuck. That is, the present invention 
provides a production method for an electrostatic chuck comprising steps of: 
forming a first dielectric layer by thermal spraying on an upper face of a 
substrate; providing a part of an electrode and a jig on the substrate; forming an 
internal electrode by thermal spraying on an upper face of the part of an 
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electrode, the jig and the first dielectric layer, forming a second dielectric layer 
by thermal spraying on an upper face of the internal electrode; removing the jig 
from the substrate; and mounting a feeder terminal portion to the substrate by 
mechanical joining. In this case, the feeder terminal portion may be favorably 
structured so as to be removably mounted to the substrate. The feeder terminal 
portion may be favorably composed of members which are fixed to each other 
by brazing, diffusion bonding, or soldering beforehand. 
[0013] In this production method for the electrostatic chuck of the present 
invention, after the first dielectric layer, the internal electrode and the second 
dielectric layer are formed in turn by thermal spraying, the jig is removed from 
the substrate, and the feeder terminal portion is mounted to the substrate by 
mechanical joining. The feeder terminal portion can thereby be removed from 
the substrate by releasing the mechanical joining therebetween when the 
dielectric layer needs to be replaced after the electrostatic chuck is produced 
once. Therefore, the upper portion of the feeder terminal portion can be 
prevented from being cut when the dielectric layer is replaced. The feeder 
terminal portion of the electrostatic chuck can be reused since the feeder 
terminal portion can be fixed to the substrate by the mechanical joining again. 
[0014] In the production method for the electrostatic chuck of the present 
invention, the feeder terminal portion may be composed of members which are 
fixed to each other by brazing, diffusion bonding, or soldering beforehand. As 
a result, when the temperature in a chamber, in which the electrostatic chuck is 
provided, is more than 200°C during semiconductor processing, the respective 
members of the feeder terminal portion can be securely fixed to each other, and 
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dielectric breakdown due to electrical discharge can be prevented from 
occurring between the electrode and the substrate. Therefore, the electrostatic 
chuck of the present invention can be repeatedly used under high temperatures 
during semiconductor processing. 

[0015] In the production method for the electrostatic chuck of the present 
invention, the electrode provided in the feeder terminal portion may favorably 
be made of an elastic body. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] Fig. 1 is a side view showing a conventional electrostatic chuck; 
[0017] Fig. 2 is a side view showing a part of a conventional electrostatic 
chuck; 

[0018] Figs. 3 A to 3F are side views showing production steps of an 
electrostatic chuck in turn in one embodiment according to the present 
invention; 

[0019] Fig. 4 is a side view showing an example of an electrostatic chuck in 
one embodiment according to the present invention; 

[0020] Fig. 5 is a side view showing another example of an electrostatic chuck 
in one embodiment according to the present invention; 

[0021] Fig. 6 is a side view showing another example of an electrostatic chuck 
in one embodiment according to the present invention; 

[0022] Fig. 7 is a side view showing another example of an electrostatic chuck 
in one embodiment according to the present invention; 

[0023] Fig. 8 is a side view showing another example of an electrostatic chuck 
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in one embodiment according to the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0024] One embodiment of the present invention will be described hereinafter 
with reference to Figs. 3 A to 3F. Figs. 3 A to 3F are schematic views showing 
production steps of an electrostatic chuck in turn in one embodiment according 
to the present invention. 

[0025] The electrostatic chuck in the embodiment is produced as follows. At 
first, as shown in Fig. 3 A, a first dielectric layer 21 is formed by thermal 
spraying on an upper surface of a substrate 20. Next, as shown in Fig. 3B, a 
part of an electrode 22 and a jig 23 are mounted to the substrate 20. Next, as 
shown in Fig. 3C, an internal electrode 24 is formed by thermal spraying on the 
upper face of the part of the electrode 22, the jig 23 and the first dielectric layer 
21 . Next, as shown in Fig. 3D, a second dielectric layer 25 is formed by 
thermal spraying on the upper face of the internal electrode 24. Finally, as 
shown in Fig. 3E, the jig 23 is removed from the substrate 20, and then, as 
shown in Fig. 3F, a feeder terminal portion 26 is mounted to the substrate 20 by 
mechanical joining. The feeder terminal portion 26 is composed of respective 
members so as to be fixed to each other beforehand. 

[0026] In the production method of the electrostatic chuck as shown in Figs. 
3 A to 3F, as described above, after the first dielectric layer 21, the internal 
electrode 24 and the second dielectric layer 25 are formed by thermal spraying 
in turn, the jig 23 is removed from the substrate 20, and the feeder terminal 
portion 26 is mounted to the substrate 20 by mechanical joining. When the 
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dielectric layers 21 and 25 need to be replaced after the electrostatic chuck is 
produced, the feeder terminal portion 26 can thereby be removed from the 
substrate 20 by releasing the mechanical joining therebetween. Therefore, the 
upper portion of the feeder terminal portion 26 can be prevented from being cut 
when the dielectric layers 21 and 25 are replaced with new ones. The feeder 
terminal portion 26 of the electrostatic chuck can be reused since the feeder 
terminal portion 26 can be fixed to the substrate 20 by the mechanical joining 
again. 

[0027] In the production method of the electrostatic chuck as shown in Figs. 
3 A to 3F, the feeder terminal portion 26 is composed of respective members 
which are fixed with each other by brazing beforehand. As a result, when the 
temperature in a chamber, in which the electrostatic chuck is provided, is more 
than 200°C during semiconductor processing, the respective members of the 
feeder terminal portion 26 can be securely fixed to each other, and dielectric 
breakdown due to electrical discharge can be prevented from occurring between 
the electrode and the substrate 20. Therefore, the electrostatic chuck of the 
present invention can be repeatedly used under high temperatures during 
semiconductor processing. 

[0028] Various examples of the production method for the electrostatic chuck 
will be described hereinafter, based on the above production method in one 
embodiment according to the present invention. 
(1) First example 

[0029] Fig. 4 is a schematic diagram showing the first example of an 
electrostatic chuck of the present invention. In the production for the 
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electrostatic chuck of the first example, a first dielectric layer 31 is formed by 
thermal spraying on a substrate 30 made of aluminum, and an electrode 32 as a 
conductor is mounted with a jig (not shown) to the central portion of the 
substrate 30. Next, an internal electrode 33 made of tungsten is formed by 
thermal spraying on the substrate 30, the electrode 32 and the jig. Next, a 
second dielectric layer 34 is formed by thermal spraying on the internal 
electrode 33, and then the jig is removed from the substrate 30. On the other 
hand, a feeder terminal portion is produced beforehand such that an insulation 
member 35 made of a ceramic of magnesium oxide and aluminum oxide, a bush 
36 and an electrode 37 are joined with each other by brazing, diffusion bonding, 
soldering, or other means, and a metal spring 38 is inserted thereinto. The 
feeder terminal portion is mounted to the substrate 30 so that the upper portion 
of the metal spring 36 contacts the electrode 32, and is integrated therewith by a 
bolt 39 and a seal 40. A heat-resisting O-ring such as a kalrez, or a metal 
gasket can be used as the above seal 40. In the above manner, the electrostatic 
chuck of the first example is produced. Since the gas-tightness when fixing the 
above respective members is well maintained, the electrostatic chuck of the first 
example can be repeatedly used under high temperatures during semiconductor 
production. The feeder terminal portion is mechanically mounted to the 
substrate 30, and can thereby be reused. An elastic body (not shown) is at least 
inserted into one part between the electrode 32 and the metal spring 38. At 
least one contact portion of the electrode 32 is not fixed but is electrically 
connected thereto. 
(2) Second example 
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[0030] Fig. 5 is a schematic diagram showing the second example of an 
electrostatic chuck of the present invention. The electrostatic chuck of the 
second example is produced in the same manner as that of the above first 
example. The electrostatic chuck as shown in Fig. 5 is different from that of 
the first example in the shape of the bush 36. In addition, the electrostatic 
chuck as shown in Fig. 5 is different from that of the first example in using 
brazing for securing the gas-tightness when fixing the respective members 
thereof. In the electrostatic chuck of the second example which is produced in 
the above manner, since the gas-tightness when fixing the above respective 
members thereof is well maintained, the electrostatic chuck of the second 
example can be repeatedly used under high temperatures during semiconductor 
production. 
(3) Third example 

[0031] Fig. 6 is a schematic diagram showing the third example of an 
electrostatic chuck of the present invention. The electrostatic chuck of the 
third example is produced in the same manner as that of the above second 
example. The electrostatic chuck as shown in Fig. 6 is different from that of 
the second example in the shape of the bush 36, thereby being different from 
that of the second example in the length of the bolt 39 and the position of the 
seal 40. In the electrostatic chuck of the third example which is produced in 
the above manner, since the gas-tightness when fixing the above respective 
members thereof is well maintained, the electrostatic chuck of the third example 
can be repeatedly used under high temperatures during semiconductor 
production. 
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(4) Fourth example 

[0032] Fig. 7 is a schematic diagram showing the fourth example of an 
electrostatic chuck of the present invention. The electrostatic chuck of the 
fourth example is produced in the same manner as that of the above second 
example. The electrostatic chuck as shown in Fig. 7 is different in not using 
the bush 36 and thereby directly mounting the insulating member 35 to the 
substrate 30 from the electrostatic chuck of the second example, thereby being 
different from the electrostatic chuck of the second example in placing a washer 
41 in the joining portion of the bolt 39 and in the position of the seal 40. In the 
electrostatic chuck of the fourth example which is produced in the above manner, 
since the gas-tightness when fixing the above respective members thereof is well 
maintained, the electrostatic chuck of the fourth example can be repeatedly used 
under high temperatures during semiconductor production. 

(5) Fifth example 

[0033] Fig. 8 is a schematic diagram showing the fifth example of an 
electrostatic chuck of the present invention. In production for the electrostatic 
chuck of the fifth example, a first dielectric layer 51 is formed by thermal 
spraying on a substrate 50 made of aluminum, and an electrode 52 as a 
conductor is mounted with a jig (not shown) to the central portion of the 
substrate 50. Next, an internal electrode 53 made of tungsten is formed by 
thermal spraying on the substrate 50, the electrode 52, and the jig. Next, a 
second dielectric layer 54 is formed by thermal spraying on the internal 
electrode 53, and then the electrode 52 and the jig are removed from the 
substrate 50. On the other hand, a joint is produced beforehand such that an 
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insulation member 55 made of ceramic of magnesium oxide and aluminum 
oxide, and an electrode 56 are joined with each other by brazing, diffusion 
bonding, soldering, or other means. A spring 59, to which an electrode 52 is 
mounted, a insulation member 60 made of a ceramic, and an insulation member 
61 are inserted into the substrate 50, and then a joint having the insulation 
member 55 and the electrode 56 is mechanically joined thereto by a bolt 57 and 
a seal 58. Brazing is used for securing the gas-tightness when fixing the 
respective members thereof. A heat-resisting O-ring such as a kalrez, or a 
metal gasket can be used as the above seal 58. In the above manner, the 
electrostatic chuck of the fifth example is produced. Since the gas-tightness 
when fixing the above respective members is well maintained, the electrostatic 
chuck of the fifth example can be repeatedly used under high temperatures 
during semiconductor production. The feeder terminal portion is mechanically 
mounted to the substrate 30, and can thereby be reused. An elastic body (not 
shown) is at least inserted into one part between the electrode 52 and the internal 
electrode 53. At least one contact portion of the electrode 52 is not fixed but is 
electrically connected thereto. 
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